1 Clostridioides difficile show finite differences and 2 reveal potential protein markers. Abstract 1 7
Peak-picking for both MS and MS/MS spectra was optimized for the mass resolution of up to 1 3 9 60000. Peaks were fitted to a simulated isotope distribution with a correlation threshold of 0.7, 1 4 0 with minimum signal to noise ratio of 2. The processed data were searched in a MudPIT score of 20 and FDR of 2% were set to export the reports. Using the quantification toolbox, the quantification of the light spore peptides relative to the 1 4 9 corresponding heavy cell peptides was determined as light/heavy ratio using Simpson's 1 5 0 integration of the peptide MS chromatographic profiles for all detected charge states. The (32). This shows that the present metabolic labelling method achieves a 15 N label content of ≥ of 1 7 5 99.5%, which is amply sufficient for accurate protein quantification. reproducibly quantified between spores and vegetative cells ( Supplementary Table S1 ). enriched in cells with a light/ heavy ratio between 1 and 0.05. In total, 167 proteins have been 1 8 7 classified as membrane proteins by the TMHMM analysis ( Supplementary Table S2 ). The Spore-predominant proteins. These include proteins from the spore coat and exosporium 1 9 2 layers, classified under UniProt Keywords virion and capsid proteins, along with some rotamase 1 9 3 proteins and metalloproteases ( Table 1) . SspA is the most abundant protein in this category, whereas an uncharacterized protein CD2657 (with 13 times higher levels in spores than in 1 9 5 vegetative cells) is the least abundant (Fig. 2) . The TMHMM analysis classified 26 proteins from 1 9 6 this category as membrane proteins ( Supplementary Table S2 ). Most of these are 1 9 7 uncharacterized membrane proteins but some are known proteins such as SpoVD, SpoVAC, 1 9 8 SpoVFB, FtsH, and DacF. Cell-predominant proteins. These include the cytoplasmic proteins such as aminotransferases, 2 0 0 arginine biosynthesis, elongation factors, cell shape and peptidoglycan synthesis proteins ( Table   2 0 1 1). The surface layer protein SlpA is the most abundant and unique protein in this category, 2 0 2 whereas an uncharacterized protein CD0594 (with levels 27 times higher in vegetative cells than 2 0 3 in spores) is the least abundant (Fig. 2) . Eighteen membrane proteins are predominant in 2 0 4 vegetative cells, as predicted by TMHMM ( Supplementary Table S2 ). cytosolic proteins involved in pathways required for anabolism and catabolic pathways of energy 2 0 8 metabolism distributed over 46 categories by DAVID (Table 1, Supplementary Fig. S1 ). These 2 0 9 also include products of 25 essential genes(33) such as peptidoglycan synthesis protein MurG 2 1 0 (CD2651) and formate-tetrahydrofolate ligase CD0718 (2 and 2.4 times higher levels in spores 2 1 1 than in vegetative cells, respectively), and S-adenosylmethionine synthase MetK as well as a 2 1 2 rubrerythrin CD0825 (~4 and ~9 times higher levels in vegetative cells than in spores, 2 1 3 respectively) (Fig 2) . The TMHMM analysis of the shared proteins identified 123 membrane 2 1 4 proteins ( Supplementary Table S2 ), such as the phosphotransferase system (PTS) of sugar 2 1 5 transporters, ABC-type transporters, and V-type ATPases. These also included most proteins 2 1 6 involved in the Wood-Ljungdahl pathway (Fig. 3) . From Table 1 it can be deduced that proteins 2 1 7 from this category that are present in spores are essentially those that are required for 2 1 8 hibernation, the initiation of growth and the resumption of metabolism upon germination and 2 1 9 initiation of outgrowth. isotopes is a highly accurate means of proteome quantification (34). However, a method for 2 2 7 labelling C. difficile was unavailable until recently (19) . Here a method for metabolic labelling 2 2 8 using 15 N-labelled yeastolate medium has been developed which provides a simple, economical, pathways are shared between vegetative cells and spores ( Supplementary Fig. S1 ) however the 2 3 4 relative quantities of these proteins vary between cells and spores. A discussion of quantified and 2 3 5
functionally key proteins of C. difficile is presented below. SlpA and its paralogues from the cell wall protein (CWP) family. Eight Cwp family proteins are 2 3 8 quantified: Cwp18 and 22 are identified in both morphotypes, with higher levels in spores, 2 3 9
whereas Cwp2, 5, 6, 19, 84, and CwpV are identified in vegetative cells. Cwp22, a functional 2 4 0 homologue of LD-transpeptidase (Ldt cd2 ), is an important spore protein that plays a role in promotes C. difficile aggregation and its strain-dependent structural variations may assist in 2 4 3 evading the host antibody response (37) or to launch an anti-phage strategy (38). Clostridioides 2 4 4 difficile spores frequently have an interspace region between the spore coat and the fragile, 2 4 5 12 heterogeneous exosporium (39, 40) . Although most known and putative exosporium proteins 2 4 6 described previously (23) have been identified in this study, the BclA family of proteins have not 2 4 7 (except BclA1 (CD0332), identified in one replicate and thus not quantified). An absence of hair- proteins such as CD1474, CD2845, and CD1524 -all rubrerythrins -likely present in the 2 5 0 exosporium, may play a role in fighting reactive oxygen species and oxidative stress (41). Clostridioides difficile relies heavily on the phosphoenolpyruvate-dependent phospho-2 5 2 transferase system (PTS) for uptake and regulation of various sugars and sugar derivatives (42).
5 3
The PTS is clearly advantageous for germinating spores, since various sugars are readily Table S1 ). The quantified PTS proteins, except CD3027, are shared between vegetative cells and speculated that proteins belonging to the M22 and U32 family (CD0150 and CD1228, 3 2 2 respectively) function in spore germination. In fact, BA0261, a CD0150 orthologue in B. anthracis, is suggested to play a role in spore germination (61) and a collagenase is implicated in present study, none of the identified peptidases or proteases are found to be predominant in 3 3 0 vegetative cells. indicates that germinating spores require de novo synthesis of these proteins post-germination to CoA synthase/CO dehydrogenase with a methyltransferase subunit. In acetogens lacking The iron-only hydrogenases, 10 times more efficient in hydrogen production than [NiFe] H 2 production (71). In the present study, CD3258 is seen predominantly in spores whereas In addition, a few noteworthy and yet uncharacterized proteins are detected in our study. CD1470, a sulfotransferase, may be involved in cyanide detoxification. PdaA1 (CD1430) and (74). CD2719 is not identified in the present study; however, CD1556, an orthologue of PdaA2 3 9 0 of B. cereus var. anthracis is identified. Thus, CD1556 may be important for spore structure and The one-pot sample processing method along with 15 N metabolic labelling has enabled a 3 9 6 reproducible, combined cell and spore quantitative proteome analysis of the anaerobic pathogen completes spore formation. In addition to specific cell and spore surface proteins, the study has All authors reviewed the manuscript. The authors declare no competing interests. Pathog 2013, 9, (5), e1003356. Clin Appl 2016, 10, (9-10), 1068-1072. Identification and characterization of glycoproteins on the spore surface of Clostridium difficile. and Clostridium difficile spores. J Bacteriol 2011, 193, (1) , 274-82. 13, (7), e1006443. GerM is required to assemble the basal platform of the SpoIIIA-SpoIIQ transenvelope complex Sarker, R. I.; Maloney, P. C., Plasmid-encoded asp operon confers a proton motive metabolic 
